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Abstract 

The branching ratios of Do + @I<’ and Do --+ K,“K,“K~ relative to 

Do ---) Iio,+,- are reported. The data were accumulated in the 1990-1991 
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fixed target running period of the Fermilab high energy photoproduction ex- 

periment E687. I'(D" + ~K")/I'(Do + ?%+7r-) is measured to be 0.039 

f 0.013 f 0.013 and I'(D" + KfKfKf)/l?(D" --+ Fn+n-) is measured to be 
- 

0.035 f 0.012 f 0.006. We also measure l?(D" --f KOr+n-)/I'(D' + K-?r+) 

to be 1.61 f 0.10 f 0.15. 
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This paper reports new measurements of the branching ratios of Do t K°Ko and 

Do -+ K°KoKo s s S’ Simple spectator diagrams do not contribute to either of these decay 

modes, and thus they can provide information on the importance of other processes [l] [a]. 

The decay Do + I(,K,OKf is Cabibbo allowed, and could result from W-exchange or final- 

state interactions. For the decay Do + K°Ko there are two W-exchange diagrams which 

cancel almost exactly due to the Glashow-Iliopoulos-Maiani (GIM) mechanism, and thus 

the decay occurs primarily through final-state interactions. 

The data for this analysis were collected in 1990 and 1991 in Fermilab wideband photo- 

production experiment E687. A photon beam of mean energy - 220 GeV strikes a beryllium 

target. Immediately downstream of the target is a high resolution microvertex detector con- 

sisting of 12 planes of silicon microstrips arranged in three views. Further downstream 

are two analyzing magnets of opposite polarity, and five stations of multiwire proportional 

chambers (MWPC’s). There are three MWPC stations between the two magnets and two 

stations downstream of the second magnet. Three gas Cerenkov counters provide particle 

identification. A more detailed description of the E687 detector and analysis methods can 

be found in reference [3]. 

For the decay modes described in this paper, the I(,0 candidates are identified by the 

decay Ii’,” -+ T+Z- with both pion tracks reaching at least three MWPC planes. Figure 1 

shows the T+T- invariant mass plots, from a small sample of the full data set, for each of the 

reconstruction cases used in this analysis. Figure la shows the invariant mass for I-C: candi- 

dates which decay downstream of the first MWPC station; in figure lb both tracks reach all 

five MWPC’s; in figure lc one track reaches all five MWPC’s while the other reaches only 

the first three; in figure Id the I{: candidates decay upstream of the microvertex detector 

with both tracks linked between the microvertex detector and at least three MWPC’s (can- 

didates with unlinked tracks reaching only the first three MWPC stations are rejected due 

to the fact that they contribute large backgrounds). All 11’: candidates are required to have 

an invariant mass within 2 0 of the known mass (with the error on the mass measurement 
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calculated on an event by event basis) and momentum greater than 6 GeV/c. 

The decay channel Do + I(or+r- is used for our normalization in order to provide a 

large statistical sample and reduce systematic errors due to I(,0 reconstruction efficiency. 

The Do -+ K%+~- signal is extracted through the decay chain D*+ + DOT+, with Do -+ 

Kfn+r- and I(,” + rr+7r-. (Charge conjugate states are implied throughout this paper). 

The two Do daughter pions are required to be inconsistent with a Cerenkov hypothesis of an 

electron, kaon or proton. A candidate driven vertexing algorithm [3] is used to identify the 

primary and secondary vertices of the decay. The significance of detachment of the vertices, 

or e/at, is defined as the distance (e) between the two vertices divided by the error (ge) on 

!. Figure 2 shows the I<~T+T- invariant mass distribution with the requirements that e/at 

be greater than 4 and the mass difference, D*+ - Do, be within f 1.8 MeV/c2 of the mass 

difference value of 145.8 MeV/c2 which is observed in both data and Monte Carlo. The 

mass distribution is fitted with a polynomial background function plus a Gaussian, with the 

width fixed to the Monte Carlo value, and has a yield of 856 f 35 events. 

In order to confirm our understanding of the Ir’,O reconstruction efficiency, we first measure 

the branching ratio I’(D’ + K”~+~-)/I’(Do -+ K-r+). The Do --+ K-r+ signal, with 

the D’ tag and e/ ae > 8, has a yield of 957 f 37 events (figure 3). The Monte Carlo 

determined efficiencies for Do + ICfa+r- and Do + K-r+ (including the branching ratio 

of I(, + r+r-) are EKIJ?rSn- = 0.0122 and &K-& = 0.0110. After correcting both yields 

for their efficiencies, and multiplying by 2 in order to express the branching ratio in terms 

of K”, we find r(D” + K”~+n-)/r(Do --) K-a+) to be 1.61 f 0.10 & 0.15. The second 

error is the systematic error, due primarily to uncertainties in the e/a, efficiency and the 

K,D reconstruction efficiency. Our measurement is consistent with the world average value 

[4] of r(DO -+ lPn+7r-)/r(D0 + K-w+) = 1.49 f 0.12. 

The Do -+ K,OIi1,0K,O decay mode has been reported by two experiments [5] [6]. As before, 

we reconstruct D*+ -+ DOT’- and I(,” + 7r + 7r -. Because only a small fraction of the I(,” 

candidates decay upstream of the microvertex detector there is no vertexing requirement for 

this mode. Figure 4 shows the K~K~oli’,o mass distribution with the requirement that the 
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D*+ - Do mass difference be within f 1.8 MeV/c2 of the observed mass difference. The 

mass distribution is fitted with a polynomial background function plus a Gaussian, with the 

width fixed to the Monte Carlo value. The yield from this fit is 10.1 f 3.4 events. After 

correcting for the Monte Carlo determined efficiencies (EK~K;K~ = 0.00207) we measure 

l?(D’ + K,OK,OK,O)/I’( Do + KOa+r-) to be 0.035 f 0.012 f 0.006. 

The systematic error is due primarily to the uncertainties in the K,O reconstruction 

efficiency and the fitting method. We note that when the yields are taken from the D*+ - 

Do mass difference instead of the Do mass plot, the branching ratio is consistent within the 

errors. 

The Cabibbo suppressed mode Do + K°Ko is not well established. Recently, two groups 

have reported observations of Do -+ K°Ko [7] [8], and three groups have reported upper 

limits [5] [9] [lo]. F or our analysis the same D* and K,O mass requirements as above are 

used. A high statistics Monte Carlo study was performed in order to determine the possible 

background for the Kf Kt mode from Do + K~R+x-. Calculating the invariant mass of 

the Kfx+n- Monte Carlo sample as KfKi, and normalizing the number of reconstructed 

Monte Carlo Kfr+vr- events to the number in data, indicates that approximately 1.4 back- 

ground events are expected in the K,OK,O signal. Instead of subtracting this background from 

the signal, we require a separation between the Xi and the Do vertices. Because the Do 

daughter pions from K,Or+-/r- events pass through the microvertex detector, we perform our 

standard vertexing algorithm. Thus for all events with at least one pion passing through 

the microvertex detector, we require that the separation between the Do vertex and the 

K,O vertex be greater than 0.5 cm. In the Monte Carlo study this requirement removed all 

background from K!j’r+r- with a 0.5% loss of KfKi signal. Figure 5 shows the mass distri- 

bution, with a yield of 19.8 f 6.8 events. The efficiency for Do -+ KiKf is EK~K~ = 0.00715. 

After correcting for efficiencies and multiplying by a factor of 2 (because Do can decay to 
- 

either K,DK,D or KgKi), I’(D’ -+ KOK’)/I’(D* t K”nSr-) is measured to be 0.039 f 

0.013 XL 0.013 where the systematic uncertainty is primarily due to the K,O reconstruction 

efficiency and the fitting procedure. 
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In conclusion, we report new measurements of branching ratios involving the de- 

cays Do -+ I(,oI(,K~ and Do --t K°Ko. Table I summarizes the existing measure- 

ments for these two decay modes. We have included the branching ratio of l?(D” + 
- 
K*K”)/r(Do --+ K+K-), assuming the world average [4] for the branching ratio of 

I’( Do + K”r+r-)/I’( Do + K+.K-), in order to allow for comparison with all previous 

measurements. 
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TABLES 

TABLE I. Branching ratios, or 90 % confidence level limits 

Measurement 
r DO-+KOfp 

r(Do+I(O,+,-) 

ARGUS [5] < 0.24 < 0.016 0.017 f 0.007 f 0.005 

CLEO [6,8] 0 ()21+o.011+o.oo2 -0.008-0.002 0.016 f 0.005 

E400 [7] 0.24 41 0.16 

E691 [lo] < 0.27 

E687 0.51 zt 0.18 f 0.19 * 0.039 f 0.013 f 0.013 0.035 f 0.012 f 0.006 

‘based on r’Do_rXOKo) ryDO-+KOd?i-) and the world average value [4] for m. 
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